INTRODUCTION
============

A bezoar is an indigestible accumulation of foreign materials in the gastrointestinal tract. Because of the stomach\'s large capacity, gastric bezoars do not become symptomatic until they are very large. The masses are classified according to their contents. Phytobezoars include fruit fibers or plants, lactobezoars are composed of milk, trichobezoars are concretions of hair, and pharmacobezoars are composed of medications.^[@R1]^ Trichobezoars are rare conditions that consist of hair bundles in the stomach or small bowel. In young women, trichobezoars are associated with psychiatric disorders such as trichotillomania (hair pulling) and trichophagia (hair swallowing). The Rapunzel syndrome is a rare type of trichobezoar that extends into the small intestine. Some types of bezoars, including small trichobezoars, can be removed after endoscopic fragmentation.^[@R1]^ However, very large trichobezoars, such as those in a patient with Rapunzel syndrome, are resistant to endoscopic fragmentation due to the dense hair mass. Therefore, these masses must be surgically removed, despite the large scars that result. Here, we report the case of Rapunzel syndrome with a large trichobezoar. After endoscopic shrinkage, this mass was removed surgically through a small incision.

Case Report
-----------

An 8-year-old girl visited our pediatric department with epigastric discomfort for 2 weeks. The patient had no past medical history or drug history. The physical examination revealed a distended gastric area with normal bowel sounds and a soft abdominal wall. A solid mass was palpable in the epigastric region. However, there was no tenderness or rebound tenderness. The patient had intermittent small hard stools, which included some hairs. Her parents described that the patient had habits of hair pulling and chewing for 2 years. She did not show any signs of anxiety, depression, or mental retardation during admission. There were hairless regions on her scalp in the parietal areas, bilaterally. On plain abdominal x-ray (Figure [1](#F1){ref-type="fig"}) and computed tomography (Figure [2](#F2){ref-type="fig"}), the stomach was distended and filled with a large solid mass. The patient had stable vital signs. Her height and weight were both in the 25th percentile. Laboratory evaluations revealed a WBC count of 7150 / μL, hemoglobin of 13.2 g/dL, platelets of 443,000/μL, and CRP 0.04 mg/L. Other laboratory findings, including electrolytes, acid balance, liver function tests, and renal function tests, were within normal limits. An upper gastrointestinal endoscopy was performed. The inner cavity of the stomach was filled with a large trichobezoar composed of hair bundles. The bezoar had a long tail, which extended into the duodenal bulb. Endoscopic removal was not possible because of the mass' large size.

![The abdominal simple x-ray. It shows the stomach filled with a huge soft tissue density of solid mass.](medi-95-e3745-g001){#F1}

![The abdominal computed tomography. The cavity of stomach is filled with a large heterogeneous mass (length in 7 cm). The gastric mass extends into the duodenal bulb over the pyloric canal (black arrow).](medi-95-e3745-g002){#F2}

However, endoscopic removal was attempted. When this failed, a longitudinal anterior incision was made for gastrostomy. The procedure was performed by a pediatric surgeon under general anesthesia. An adult standard gastroscope (GIFH 260; Olympus; 9.8 mm diameter) was used. Electronic coagulation with a snare failed to cut the trichobezoar, and increased the risk of injuring the gastric mucosa. Instead, we were able to burn and cut the bezoar using argon plasma coagulation (effect 1 of forced mode and 60--80 W; ERBE VIO, 300D). However, smoke obscured the view, making this process lengthy (Figure [3](#F3){ref-type="fig"}). In order to secure a clear view, saline irrigation and frequent suctions were performed. The volume of the trichobezoar was reduced over the course of 1 hour, after which fragmentation was stopped due to the large amount of argon plasma used, and time expended. Finally, surgical gastrostomy was performed. The gastric trichobezoar was removed successfully within 1 hour. The maximum diameter of the mass was 4 cm and its length was 30 cm. The thickest portion had been debulked from 7 to 4 cm with endoscopic precutting (Figure [4](#F4){ref-type="fig"}, arrow). Although we failed to completely remove the mass using endoscopic techniques, the argon plasma cauterization effectively reduced its size. Therefore, the incision scar (length in 4 cm) was smaller than originally expected. The patient underwent electrogastrography for the evaluation of gastric motility before the surgical procedure. There was bradygastria, with 90% of bradygastria and 10% of normal slow waves in both pre- and postprandial states. After the surgical procedure, the similar result in electrogastrography was noted. Huge bezoar or gastrotomy might affect this result. However, the patient was treated with itopride, a prokinetic medication, for 2 months. The followed result of electrogastrography was improved. She was discharged without complications after 7 days. The patient was advised to recommend child psychiatric evaluation and treatment of the child to the family.

![Upper gastrointestinal endoscopy. The view is obscured smoke from the burning hair.](medi-95-e3745-g003){#F3}

![A gross image of the removed trichobezoar. The arrows indicate the burning site. Endoscopic coagulation debulked the maximal diameter from 7 to 4 cm.](medi-95-e3745-g004){#F4}

DISCUSSION
==========

Undigested foreign materials are aggregated by gastric fluid in the stomach. The word "bezoar" is derived from the Arabic word "badzehr," which means "antidote." Ancient people believed that bezoars from animals had medicinal properties.^[@R2]^ Currently, bezoars are known to be harmful and should be removed. Bezoars are named according to their components: phytobezoars, trichobezoars, lactobezoars, phamacobezoars, polybezoars, diospyrobezoars, or biliary bezoars. The most common type is the phytobezoar, which is composed of cellulose, hemicelluloses, and other proteins.^[@R1]^ Trichobezoars, or hairballs, are rare. The first reported trichobezoar was described in a 16-year-old boy by Baudamant in 1779.^[@R3]^ "Rapunzel" is a fairy tale in the collection by the Brothers Grimm. The heroine in the story had very long, blond hair. The first case of Rapunzel syndrome was published by Vaughan et al in 1968.^[@R4]^ In total, 49 case reports of Rapunzel syndrome were reviewed (Table [1](#T1){ref-type="table"}). The age was from 4 to 19 years. Most girls had underwent surgical removal and had uneventful postoperative course. There were 3 fatal cases. Only 1 case was boy^[@R5]^ (Table [1](#T1){ref-type="table"}).
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Gastric bezoars are formed by the synergic effect of multiple factors, the most important of which is the ingestion of indigestible material. Long-standing trichotillomania and trichophagia are relevant factors with regard to trichobezoars. There is a high incidence of depression or anxiety in young girls with trichobezoars.^[@R6]^ Retained hairs between the gastric folds are denatured and oxidized by gastric juice. After food and mucus accumulates, bacterial colonization occurs in the mass. Halitosis occasionally results. Proline-rich proteins from the parotid glands play a role in binding tannins and bezoar concretions.^[@R7]^ Another factor of bezoar formation is decreased gastric motility.^[@R8]^ The classical method of evaluating gastric motility is to measure the gastric emptying time during a barium swallow test and scintigraphy. Scintigraphy revealed that the patient did not have delayed gastric emptying time with solid food. However, electrogastrography showed preprandial bradygastria. There were normal gastric myoelectrical patterns in the postprandial state. Electrogastrography is a noninvasive method of recording gastric myoelectrical signals. In the human stomach, the normal slow wave frequency is 3 cycles per minute (3 cpm). According to the frequencies, the results are divided into normal, bradygastria, and tachygastria. It has been proposed that abnormalities in gastric myoelectrograms are associated with gastric dysmotility.^[@R9],[@R10]^ Prokinetics can accelerate the gastric emptying, and therefore normalize the myoelectrogram.^[@R11]^ Therefore, this noninvasive tool is helpful in the diagnosis and management of gastric motility.

The method of bezoar removal depends on its type, component, size, and location. In phytobezoars, Coca-Cola irrigation or administration is effective for fragmentation. The carbon dioxide gas and the strong acidity of Coca-Cola are able to effectively dissolve food particles. The sodium bicarbonate in Coca-Cola has mucolytic effects.^[@R12]^ The Coca-Cola was introduced via nasogastric tube, direct injection, or spray through endoscopy. One group found that Coca-Cola and Coca-Cola zero had equally effective dissolvability, and significantly higher phytolytic activity than water, digestive enzymes, and papain.^[@R13]^ The papain enzyme from the papaya plant has been used to dissolve phytobezoars. However, it has not been used recently due to adverse side effects, including mucosal injury in the gastrointestinal tract.^[@R13]^ Endoscopic devices such as forceps, snares, and argon plasma coagulation are useful for bezoar fragmentation. After Coca-Cola injection, endoscopic fragmentation is the best therapeutic regimen for gastric phytobezoars. Trichobezoars, or hairballs, are not easily dissolved with pharmacotherapy or using endoscopic trials. Open surgery or laparotomy has been the treatment of choice for large trichobezoars. Unfortunately, surgery may have postoperative complications, such as perforation, pneumonia, bleeding, intussusception, wound infections, or unsightly scarring.^[@R14]^ Laparoscopic-assisted techniques have been suggested to reduce the complication rate.^[@R14]^ Recently, 1 group reported that they removed an 8 × 4 cm trichobezoar endoscopically. First, they fragmented the bezoar into 10 pieces using a polypectomy snare and argon plasma coagulation.^[@R15]^ There is no case report of Rapunzel syndrome treated with endoscopic removal completely (Table [1](#T1){ref-type="table"}). Despite using the same tools and similar methods, we were not able to fragment the trichobezoar completely in our patient. Larger trichobezoars tend to have different densities and components compared to those of smaller masses. In the literature, almost all dense and large trichobezoars have failed to be removed endoscopically.^[@R15]--[@R17]^

We checked the dissolubility of the removed bezoar in vitro. The bezoar was divided into 4 pieces. We analyzed the dissolubility with coca-cola, Sprite (Cider), soda water, and distilled water. Both Sprite and carbonated water are carbonated beverages. Distilled water was used as the control solution. The solutions were exchanged every 12 hours. Each bezoar fragment was incubated for 7 days. We measured changes in weight, density, and form. However, there were no interval changes in any item after the 7 days. Iwamuro et al investigated phytobezoar fragmentation using coca-cola and coca-cola zero in vitro. After 12 hours of incubation, the group found that both coca-cola and coca-cola zero had excellent dissoluble effects. The group questioned whether other carbonated beverages have the same lytic effects against phytobezoars.^[@R13]^ We confirmed that carbonated beverages such as coca-cola are unable to fragment trichobezoar.

CONCLUSION
==========

Trichobezoars tend to occur in patients at a mean age of approximately 8 years. Complete endoscopic removal through fragmentation is the most ideal management for trichobezoars, especially to avoid large scars after open surgery. Inevitably, large and dense gastric trichobezoars, including Rapunzel syndrome, are removed surgically. We suggest that the endoscopic debulking method using argon plasma burning be performed preoperatively to reduce the surgical complications of such Rapunzel syndromes.

Abbreviation: CT = computed tomography.
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